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Improving the sensitivity of binding assays through 
multiepitope analysis and combination of antigen and 
antibody determination 

Description 

The invention relates to a method for detecting one or 
more analytes in a sample, where the analyte is 
detected using different reagents capable of binding to 
the analyte. The invention further includes a solid 
phase for detecting an analyte, where the solid phase 
includes a nonporous support and spatially separate 
assay areas, where each assay area contains different 
reagents. The invention also relates to a method for 
the simultaneous determination of an antigen and of an 
antibody specifically directed against this antigen, 
and to a solid phase for carrying out this method. 

A large number of analytes can be determined by 
immunological detection methods. Such immunological 
detection methods make use of the specific binding 
ability of analytes with particular reagents, such as, 
for example, antigen-antibody interactions. It is 
possible in principle to carry out immunological 
determinations in a number of assay formats, such as, 
for instance, the sandwich assay format, the indirect 
assay format, the back- titration format or the bridge 
format . 

A reliable detection of infectious diseases, e.g. of an 
infection with viruses such as, for instance, HIV, HBV 
or HCV, is of particular interest in order to be able 
to diagnose the disorder as early as possible in the 
people affected. In general, immunological determin- 
ations of antibodies against HIV, HBV or HCV are 
carried out in an indirect assay format or by means of 
a bridge format. To detect the antibodies, in this case 
usually mixtures of various proteins or peptides which 
include epitopes from the core and envelope regions of 



the pathogen are used. This mixture is immobilized on a 
support, i.e. a solid phase. Since the classification 
as HIV-positive is of great importance for the 
individual and false-positive results may have 
disastrous consequences, it is currently necessary to 
check, in a confirmation assay, all the positive 
results obtained with this immunological determination 
in routine assays. Western blotting is normally used as 
confirmation assay and entails the individual protein 
constituents of a viral lysate being blotted onto a 
porous support. In the case of HCV, however, it is very 
difficult to culture the virus system. For this reason, 
the confirmation assay carried out in this case is not 
a Western blotting with viral lysate but an RIBA 
(recombinant immunoblot assay) which is an immuno-dot 
blot which includes recombinant proteins or peptides as 
assay reagents. 

A great disadvantage of the currently used routine 
assays is that mixtures of 5 to 10 or more antigens, 
depending on the analyte, are employed for the 
detection. Although there are continual improvements in 
the routine assays, it has not yet been possible to 
achieve a complete abandonment of confirmation assays. 
For example, in the Enzymiun® HIV assay (Boehringer 
Mannheim) , a mixture of about 5 different antigens is 
used, and they are both biotinylated and digoxigenin- 
labeled for the detection. Although the assay functions 
well, the use of antigen mixtures with such a large 
number of different antigens means that the individual 
antigens immobilized or bound on the solid phase can no 
longer be present in a concentration which is optimal 
for detection. The binding capacity of the solid phase 
with such a mixture of a large number of components is 
no longer sufficient to bind all the antigens in the 
optimal concentration. In addition, the use of an 
antigen mixture for coating an assay surface results in 
the various antigens competing for the binding sites on 
the solid phase, and the different size ratios leading 



to different diffusion rates and to different steric 
effects. In the case of direct coating, for example, 
hydrophobic antigens are preferentially bound to the 
plastic surface, while at the same time more 
hydrophilic antigens are displaced. This leads to on 
the one hand only poorly reproducible results being 
obtained, and on the other hand to the concentration of 
particular antigenic epitopes being so low that a 
significant detection is no longer possible. 

A further disadvantage of the use of antigen mixtures 
in routine assays is that the risk of an increased 
nonspecific binding is distinctly increased through the 
mixture of different antigens, in turn leading to an 
increase in false-positive results. The effect of this 
is that the cutoff limit must be set at a relatively 
high level in the routine assays used to date, and thus 
sensitivity is lost. Especially in Western blotting, 
the number of false-positive results increases 
distinctly because of nonspecific binding, owing to the 
foreign proteins present in the viral lysate, so that 
at least 2 reactive bands are required for a positive 
result . 

Attempts have been made to improve the sensitivity of 
these detection methods further. EP 0 461 462 Al 
describes an immunoassay for detecting viral antibodies 
with the aid of an indirect assay design. In the 
im.muno-dot blot described in EP 0 461 462 Al , instead 
of a usual viral lysate, purified recombinant proteins 
are applied individually in discrete assay areas on a 
porous support, resulting in an assay format which, 
owing to the use of purified proteins, is more 
sensitive than a Western blot. 

EP 0 627 625 Al relates to a method for detecting viral 
antibodies in a sample by means of a bridge design. 
This method is also an RIBA (recombinant immunoblot 
assay) in which a plurality of antigens are applied 



spatially separately to a solid phase composed of a 
porous material, reference being made to the necessity 
to use a solid phase composed of porous material. 

EP 0 445 423 A2 relates to a method for detecting HCV 
antibodies with the aid of a plurality of epitopes of 
an HCV antigen. EP 0 445 423 A2 also describes an 
immuno-dot assay for antibody determination, with a 
higher sensitivity being achieved through the use of 
particular, improved antigens. 

However, in these methods described in the prior art, 
owing to the use of a porous support the defined 
application of a predetermined amount of reagent is 
difficult. In particular, there is the risk that the 
individual assay spots applied will become 
intermingled. These disadvantages become more serious 
as the size of the applied spots decreases, so that 
these methods are unsuitable in particular for 
miniaturized assay systems. In addition, the 
manipulation of paper strips is difficult to automate 
and thus inconceivable as routine assay. 

One object of the invention was therefore to provide a 
method by which the disadvantages occurring in the 
prior art can be at least partly eliminated. 

This object is achieved according to the invention by a 
method for detecting an analyte in a sample, comprising 
the steps : 

(a) providing a solid phase which includes a nonporous 
support and at least two spatially separate assay 
areas, where the assay areas each comprise 
different, immobilized analyte-specif ic receptors, 
which bind specifically to different epitopes of 
the analyte to be determined, 

(b) contacting the sample with the solid phase and at 
least one free analyte-specif ic receptor which 
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carries a signal -emitting group or is capable of 
binding to a signal -emitting group, and 
(c) detecting the presence or/and the amount of the 
analyte by determining the signal -emitting group 
5 on the assay areas . 

The immobilized analyte-specif ic receptor may be bound 
either directly or indirectly via one or more receptors 
to the solid phase. The binding can take place for 
10 example by adsorptive or covalent interactions, but 
preferably by specific high-affinity interactions, e.g. 
streptavidin or avidin/biotin or antibody-antigen 
interactions . 

15 The free analyte-specif ic receptor may itself carry a 
signal -emitting group or be capable of binding to a 
signal -emitting group. In the latter case, the 
detection reagent consists of a plurality of 
components . 

20 

The analyte may be a homogeneous or a heterogeneous 
population, e.g. a heterogeneous antibody population. 
In the case of heterogeneous analyte populations, the 
individual assay areas bind a subpopulation of the 

2 5 analyte to be determined. The analyte is preferably a 

disease-causing organism or/and a pathogen. The first 
receptors bind in this case according to the invention 
to various epitopes or/and subtypes of the analyte. 

3 0 It has surprisingly been found that the sensitivity of 

detection assays such as, for instance, antibody assays 
can be distinctly improved through the use of panel 
assays in which the various reagents, e.g. various 
antigens, are applied as single spots. It is possible 
3 5 through the multiepitope analysis according to the 
invention, i.e. the simultaneous detection of a 
plurality of antigens or epitopes of an analyte or 
pathogen, such as, for instance, HIV, for the 
sensitivity and reliability of detection assays to be 
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considerably increased . 

If a positive assay result is obtained on two or more 
assay areas, this is assessed as the presence of the 
5 analyte in the sample. 

It is possible through the use according to the 
invention of a nonporous support to apply the reagents 
in defined areas. This is important in particular with 
10 miniaturized assay formats. Correspondingly, the assay 
areas preferably have a diameter of from 0.01 to 1 mm, 
more preferably from 0.1 to 0,5 mm and most preferably 
from 0.1 to 0.2 mm. 

15 Solid phases with a plurality of assay areas, which are 
also referred to as array systems, are preferably used. 
Such array systems are described for example in Ekins 
and Chu (Clin. Chem. 37 (1995) 1955-1967) and in US 
patents 5 432 099, 5 516 635 and 5 126 276. 

20 

The solid phase used according to the invention 
includes a nonporous support which can be used for 
detection methods. The nonporous support may in this 
case consist of any nonporous material. The support 

25 preferably includes a plastic, glass, metal or metal 
oxide surface. The support particularly preferably has 
a polystyrene surface. Spatially discrete regions 
(assay areas) are arranged on this support. Reagents 
such as, for instance, immobilized solid-phase 

30 receptors are applied to these assay areas. The 
reagents are immobilized on the assay areas by known 
methods, e.g. by direct adsorptive binding, by covalent 
coupling or by coupling via high-affinity binding 
pairs, e.g. streptavidin/biotin, antigen/antibody or 

35 sugar/lectin . 

It is particularly advantageous for the spatially 
separate assay areas to be separately loaded with 
different reagents. It is possible through the 



individual application of the different assay areas to 
choose for each reagent, for example for each 
individual antigen, the optimal solid-phase 

concentration and the optimal coating conditions, i.e. 
in the form of specific buffer receptors. This makes it 
possible for each individual antigen to be coated up to 
the maximum binding capacity of the area, whereas with 
the assays disclosed to date it was possible for each 
antigen to be bound only for part of the available 
binding capacity. In addition, through the separate 
application of the different reagents, no competition 
of the individual reagents, for example of the 
antigens, for the binding sites on the solid phase 
takes place. Correspondingly, it is preferred for only 
one reagent which is capable of specific binding with 
the analyte to be determined to be bound on each assay 
area. This reagent can where appropriate be diluted by 
inert diluent molecules in order to form an optimal 
homogeneous binding phase. Inert diluent molecules are 
molecules which bind to the solid phase but do not 
enter into any interaction with the analyte or other 
sample constituents. Suitable diluent molecules are 
described for example in WO 92/10757 and in 
EP 0 664 452 A2 . 

It has been found with assay areas on which only a 
single reagent capable of binding to the analyte, such 
as, for instance, an antigen, is bound that the 
nonspecific binding is distinctly reduced. Thus no 
measurable nonspecific binding is to be observed on 
application of different antigens as single spots, 
whereas an assay spot onto which a mixture of a 
plurality of antigens has been applied shows a 
distinctly measurable nonspecific binding. 

The analyte is detected in the method of the invention 
in a known manner by using the suitable labeling 
groups, e.g. fluorescent labeling groups. An 
alternative possibility with suitable solid phases is 



to detect the interaction of constituents of the 
detection medium with the assay areas with also by 
determining the layer thickness of the respective 
areas, e.g. by plasma resonance spectroscopy. 

The defined assay areas may moreover comprise, to 
distinguish from inert regions of the solid phase, a 
detectable and analyte-nonspecif ic labeling group which 
can be detected in addition to the analyte-specif ic 
coating group and does not interfere with it. One 
example of such an analyte-nonspecif ic labeling group 
is a fluorescent labeling group which fluoresces at a 
wavelength which is different from the fluorescence 
wavelength of an analyte-specif ic labeling group. The 
analyte-nonspecif ic labeling group is preferably 
immobilized, just like the solid-phase receptor, via a 
high-affinity binding pair, e.g. streptavidin/biotin . 

A further increase in sensitivity can be achieved 
through the use of a universal detection reagent. 
Generally, one antigen conjugate which carries the 
specific label such as, for instance, an enzyme, a 
fluorescent marker or fluorescent latex particles is 
employed per antigen. The combination of a plurality of 
labeled antigen conjugates means that the concentration 
of labels is very high, so that the nonspecific binding 
naturally increases greatly. This problem can be solved 
through the use of a universal conjugate. Fluorescence - 
labeled latex particles are preferably used according 
to the invention as universal detection molecule. In 
this case, the antigen is linked to a receptor 1 by a 
covalent bond, while the detection molecule is provided 
with a receptor 2 capable of binding to the receptor 1. 
The binding of receptor 2 to the latex molecule can 
take place by adsorption or else covalently via 
functional groups. Suitable high-affinity binding pairs 
are, e.g. streptavidin/ biotin, antigen/antibody or 
sugar/lectin. The well-known dig/<dig> system is 
preferably used. 



A further disadvantage of the bridge assays which are 
carried out for example as 1-step reaction is that the 
solid-phase antigen (e.g. Bi-gp41) and the detection 
antigen (e.g. Dig"gp41) must be supplied in the ratio 
of 1:1 in order to achieve an optimal signal. This is 
disadvantageous because, owing to the limited binding 
capacity of the solid phase, the concentration of the 
individual solid-phase antigens is suboptimal and thus 
cannot be favorable for the detection antigen either. 

Since with the method of the invention the solid-phase 
antigens are already bound to the solid phase in 
optimal concentration, it is also possible for the 
detection antigen to be supplied in optimal 
concentration, because antigen derivatives with 
digoxigenin or biotin are, in contrast to enzyme- 
labeled antigens, prone to nonspecific binding to only 
an insubstantial extent. These reagents can be employed 
in complete excess, so that imprecision in the 
pipetting of the antigen solution does not impinge on 
the assay imprecision. 

It is possible by specific binding of the analyte to be 
determined onto the reagent immobilized on the assay 
area, e.g. a solid-phase receptor, for the presence 
or/and the amount of the analyte in a sample to be 
determined. It is possible by combined evaluation of 
the different assay areas v;hich each contain different 
reagents capable of specific binding to the analyte for 
the sensitivity of the detection method to be markedly 
improved in particular through a reduction in false - 
positive results and the unambiguous identification of 
correct-positive results. The method of the invention 
is of particular interest for picking up and 
eliminating nonspecific bindings in qualitative assays 
with high requirements for specificity, such as, for 
instance, in assays for infections (e.g. HIV). 
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It is possible through the use according to the 
invention of arrays, i.e. solid phases which include at 
least two, more preferably at least three, most 
preferably at least five, and up to one thousand, more 
preferably up to one hundred, spatially separate assay 
areas to configure at least one of these assay areas in 
such a way that it represents a control area. 
Consequently, the method of the invention preferably 
includes the use of a solid phase which additionally 
includes at least one, more preferably two and most 
preferably at least five control areas. The integration 
of control spots into the solid phase makes it possible 
easily and rapidly to identify incorrect results 
resulting from interference. Besides the specific assay 
areas it is additionally possible to measure a sample- 
specific background and thus define a sample-specific 
cutoff. The use of an assay array and the use of 
control spots makes it possible to reduce the cutoff 
limit. The cutoff index is a limit employed in assay 
methods in order to be able to distinguish between 
positive and negative values. Such a cutoff index is 
important especially in assay methods which relate to 
infectious diseases. It is possible with the aid of the 
method of the invention to make a positive/negative 
differentiation with a considerably smaller probability 
of error. 

The method of the invention can be employed for any 
detection methods, e.g. for immunoassays, nucleic acid 
hybridization assays, sugar-lectin assays and similar 
methods. The method of the invention is suitable in 
principle for detecting any analytes in a sample. It is 
particularly suitable for detecting one partner of 
specific binding pairs. For this reason the reagents 
capable of binding to the analyte are preferably 
selected from proteins, peptides, antibodies, antigens, 
haptens, nucleic acids, biotin and streptavidin/avidin . 
The spatially separate assay areas may in this case be 
coated with reagents derived from the same or different 
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classes as mentioned above. 

Whereas an essential advantage of the method of the 
invention in the first place is to improve the 
sensitivity of the detection a single analyte, it is 
also possible with a suitable choice of the assay areas 
to determine a plurality of analytes simultaneously 
with high sensitivity. 

The present invention further relates to a solid phase 
for detecting an analyte in a sample , which is 
characterized in that it includes a nonporous support 
and at least two spatially separate assay areas, where 
the assay areas each comprise different reagents which 
are capable of specific binding with the analyte to be 
determined . 

The assay areas preferably comprise in each case 
different reagents which bind to different epitopes 
or/and subtypes as analyte. 

Miniaturized assay formats are preferably used in order 
to accommodate a maximum number of assay areas on a 
solid phase. The distance between the individual assay 
areas is chosen so that intermingling of the applied 
reagents is impossible. It is normally sufficient for 
this purpose for the edges of the assay areas to be at 
a distance of from 0.05 to 5 mm. Between the assay 
areas there is preferably an inert surface which is 
capable of binding neither with the analyte nor with 
any other constituents of the sample. 

The solid phase of the invention can be employed in any 
detection methods, e.g. in immunoassays, nucleic acid 
hybridization assays, sugar-lectin assays and the like. 
It is preferably used in an immunoassay for detecting 
antibodies or antigens. 

The invention further encompasses an assay kit for 



detecting an analyte in a sample, which includes a 
solid phase of the invention, and labeled detection 
reagents. Labeled detection reagents are known to a 
person skilled in the art and generally include a 
labeling group and a group which is capable of specific 
binding and which makes detection of the analyte 
possible. Suitable labeling groups are for example 
fluorescent, chemiluminescent , enzyme, radioactive or 
particle (sol) labeling groups. The group which is 
capable of specific binding may, for example, be 
capable of binding with the analyte complex formed or, 
in the case of competitive assay formats, with other 
constituents of the detection system. The assay kit 
preferably includes a universal conjugate as detection 
reagent, in particular fluorescent - labeled latex 
particles . 

A further problem with conventional routine assays is 
that the simultaneous determination of an antigen and 
of an antibody specifically directed against this 
antigen cannot be carried out in one measurement. For 
this reason, for example, in so-called HIV combination 
assays a determination of the antigen p24 and of 
antibodies against other HIV antigens is carried out 
simultaneously. With such an assay it is then possible 
only to determine antibodies against other HIV antigens 
such as, for example, gp41 or gpl2 0, whereas 
determination of antibodies against p24 is not 
possible . 

US 5 627 026 describes a method for detecting an 
antibody and an antigen in a biological sample. Thus, 
for example, an assay for determining the FeLV antigen 
and the FIV antibody is described. In the method of 
US 5 627 026 it is also possible when determining an 
antigen only to detect antibodies directed against 
other antigens in the same assay. 

A further object of the present invention is therefore 



to provide a method for the simultaneous determination 
of an antigen and of an antibody specifically directed 
against this antigen. This object is achieved according 
to the invention by a preferred embodiment of the 
method of the invention, namely a method for 
simultaneous determination of an antigen and of an 
antibody specifically directed against this antigen in 
a sample, including the steps 

(a) providing a solid phase on which an immobilized 
receptor capable of binding with the antigen to be 
determined is applied in a first assay area, and 
an immobilized receptor capable of binding with 
the antibody to be determined is applied in a 
second assay area spatially separate therefrom, 

(b) contacting the sample with the solid phase and 
with a free analyte-specif ic receptor which 
carries a signal -emitting group or is capable of 
binding with a signal -emitting group, and 

(c) detecting the presence or/and the amount of the 
analyte by determining the signal-emitting group 
on the solid phase. 

The antigen is detected preferably by using a sandwich 
assay and the antibody is detected preferably by using 
a bridge design, a back- titration design or an indirect 
assay format . 

The antibody is preferably detected by using a back 
titration. The advantage of this is that on use of a 
sandwich assay for detecting the antigen it is 
impossible for detection molecules to influence one 
another, because in this case the same detection 
reagent can be used for detecting the antigen and 
detecting the antibody. For example, for a sandwich 
assay for detecting an antigen, e.g. p24, an antibody 
directed against this antigen, e.g. <p24>, is 
immobilized on an assay area. It is possible then to 
use as second receptor which serves for detection a 
labeled antibody directed against the antigen, e.g. 
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<p24>-Dig. To detect the corresponding antibody 
directed against the antigen, e.g. <p24>, using a back 
titration, a corresponding antigen, e.g. p24, is 
immobilized in a further assay area. The detection 
5 reagent used is then a labeled antibody which is 
specific for the antigen, e.g. <p24>-Dig, which 
competes with the analyte, which is for example <p24>, 
for binding to the immobilized antigen. It is thus 
possible for the preferred simultaneous detection of a 
10 p24 antigen and of the anti"p24 antibody directed 
against it in each case to use the same detection 
reagent, for example Ab<p24>-Dig. 

If the antigen is detected by a sandwich assay, and the 

15 antibody is detected by a bridge assay or an indirect 
assay concept it is necessary to use specific assay 
reagents in order to preclude mutual influencing of the 
detection reagents. In an indirect assay concept for 
detecting an antibody, for example an antigen which is 

20 specific for the antibody to be detected, e.g. p24, is 
immobilized in an assay area. An analyte, e.g. <p24>, 
is then detected by using a further labeled antibody, 
for example <hIgG>-Dig. It is necessary in the antigen 
determination in sandwich format to employ on the 

25 detection side one or more antibodies, preferably 
monoclonal antibodies, whose epitope binding sites are 
known. It is possible at the same time in the antibody 
determination in an indirect assay format or in a 
bridge format not to use any native or recombinant 

3 0 antigens which comprise epitopes capable of binding 
with the MAbs, because otherwise an unwanted reaction 
takes place. It is necessary instead to use 
predetermined recombinant antigens without these 
epitope binding sites or peptides to which the 

3 5 <Antigen>-]y[Abs employed are not capable of binding. In 
the case where a sandwich assay using <p24>-Bi and 
<p24>-Dig is combined with a bridge assay using p24-Bi 
and p24-Dig or with an indirect assay design using 
p24"Bi and <h-IgG>-Dig, by contrast a simultaneous 



determination is precluded. 



It is possible by the multiepitope analysis according 
to the invention with array systems to carry out a 
combination of antigen and antibody detections for a 
particular antigen and an antibody directed against 
this particular antigen. This procedure makes it 
possible to close the diagnostic gap, which exists with 
the methods known in the prior art, between the first 
appearance of an antigen and the appearance of 
antibodies at a different time, and to categorize a 
sample as positive or negative very early. Samples are 
normally taken from patients, with the sensitivity of 
an assay being determined by identification of positive 
samples as early as possible. In the event of an 
infection, the various markers indicating these 
infections, such as, for example, antigens or 
antibodies directed against these antigens, appear with 
a different time course. 

The multiepitope method of the invention with an array 
arrangement additionally makes it possible, through the 
spatially separate arrangement of the individual assay 
areas, for antigen and antibody assays to be 
specifically differentiated. The advantage of the 
method of the invention is evident in particular with 
HIV assays. A preferred example of the method of the 
invention is the simultaneous detection of an HIV 
antigen and antibodies directed against it, e.g. the 
p24 antigen and the corresponding anti-p24 antibody. In 
the event of an HIV infection, p24 antigens appear 
first. They can be detected with an antigen assay, but 
not with an antibody assay. The appearance of the 
antigens is followed by formation of antibodies against 
these antigens in the body. However, it is not possible 
with conventional combination assays to combine the p24 
antigen assay with an anti-p24 antibody assay; on the 
contrary the p24 antigen assay is combined with an 
anti-gp41 antibody assay. Since the formation of anti- 



gp41 antibodies may, however, take place at a time 
subsequent to the formation of anti-p24 antibodies, 
false-negative results may be obtained with 
conventional methods in the period until anti-gp41 
antibodies are formed. The method of the invention is 
by contrast more reliable because <p24 >ant ibodies can 
also be determined as in the previously used assays . 

It is preferred according to the invention for the 
coating, which is capable of binding, of the first 
assay area in which the antigen is to be detected to be 
formed from immobilized antibodies which are specific 
for epitopes of the antigen to be detected. It is 
possible, owing to the array structure which is 
preferably used, for a plurality of antibodies which 
are specific for different subtypes of the antigen to 
be detected to be applied in separate assay areas. The 
antibodies are selected appropriately for the antigen 
to be analyzed. In screening for a viral infection, 
preferably anti-HIV-I antibodies, anti-HIV-II 

antibodies and anti-HCV antibodies are assayed. 
Analogously, the coating, which is capable of binding, 
of the further assay areas on which an antibody is to 
be detected preferably includes antigens which are 
specific for the antibody to be detected. It is also 
possible in principle in this case to use any antigens 
appropriate for the particular assay, and preferably 
antigens or epitopes thereof from HIV- I, HIV- I I and HCV 
are used. 

It is possible through the use of a nonporous solid 
phase to obtain particularly good results with the 
method of the invention. A nonporous solid phase has 
advantages in particular in the application of the 
assay reagents, with a defined application without 
intermingling of the individual assay areas being 
possible. It is further possible on use of nonporous 
assay phases to miniaturize the assay format. It is 
possible with miniaturized assay formats to apply a 
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large number of assay areas to a single nonporous solid 
phase . 

Detection of the binding of an antigen or antibody to 
the assay areas is preferably carried out by using 
labeled antibodies directed against the analyte. In the 
case of detection of the antigen in a sandwich format, 
a labeled antibody directed against this antigen is 
used. The same labeled antibody also serves to detect 
the analyte antibody in the competitive format, e.g. a 
back titration. It is thus possible, by spatially 
separate evaluation of the individual assay areas, to 
detect with a single detection reagent both antigen and 
the antibody specific for this antigen, without mutual 
impairment of the two detection methods. Suitable 
labeling substances for labeling antibodies are known 
to a person skilled in the art and include, for 
example, fluorescent groups, chemiluminescent groups, 
radioactive labels, enzyme labels, colored labels and 
sol particles. It is preferred to use a universal 
detection reagent, in particular fluorescence-labeled 
latex particles. 

Particularly good results are obtained with the method 
of the invention when the coatings capable of specific 
binding are applied separately to the individual assay 
areas. This makes it possible to utilize the binding 
capacity of the individual assay areas optimally and to 
produce coatings capable of optimal binding. It is 
possible where appropriate for the reagents capable of 
binding to be diluted by diluent molecules in order to 
improve further the binding ability of the coating. 
Suitable diluent molecules are molecules which do not 
bind with the analyte to be determined and which also 
show no nonspecific interaction or binding with other 
constituents of the sample, possibly leading to false- 
positive results (cf . WO92/10757, EP 0 664 452 A2 ) . The 
coating in the individual assay areas is particularly 
preferably formed in each case from a single molecule 
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type capable of specific binding. In this case, 
different reagents capable of binding with the analyte 
are applied in different test spots. It is possible in 
this way to increase further the sensitivity of the 
method of the invention. 

The present invention further relates to a solid phase 
for simultaneous determination of an antigen and of an 
antibody specifically directed against this antigen, 
comprising at least a first assay area and at least a 
second assay area, which is characterized in that the 
first assay area includes a coating capable of specific 
binding with an antigen, and the second assay area 
includes a coating capable of specific binding with an 
antibody directed against the antigen, the coatings 
being homogeneous and each comprising only a single 
type of a reagent capable of binding. The coatings are 
uniformly applied to the assay areas, meaning that they 
are homogeneous. Besides the reagent capable of 
binding, the assay areas may include inert diluent 
molecules which are not able to enter into interactions 
either with the analyte to be detected or with other 
constituents of the sample. 

Whereas it is possible in principle to use any support 
materials, the assay areas of the solid phase of the 
invention are preferably applied to a nonporous 
support. Through the use of nonporous surfaces is in 
particular a miniaturization of the assay format and 
simultaneous determination of a large number of assay 
areas . 

The solid phase of the invention is particularly 
suitable for use in an immunoassay for simultaneous 
detection of an antigen and of an antibody specifically 
directed against this antigen. It is possible in this 
way to improve further the sensitivity and reliability 
of immunoassays . 



The invention also includes a test kit for simultaneous 
determination of an antigen and of an antibody 
specifically directed against this antigen, which 
includes the solid phase of the invention, and labeled 
detection reagents for detecting antigen and antibody 
bound to the assay areas. Suitable detection reagents 
are for example labeled antibodies, it being possible 
to select the label from the abovementioned groups. 

The invention is explained further by the following 
examples . 

Examples 

1. Performing an <HIV> assay with a plurality of 
antigen-specific assay areas by means of microspot 
technology 

Microspot is a miniaturized ultrasensitive technology 
ideally suitable for simultaneous determination of 
various parameters in a single measurement operation. 
In the case of <HIV> determination, the individual HIV 
antigens are immobilised in so-called arrays on a 
polystyrene support. The various HIV antigens are 
applied as spots to the assay field by means of a 
technique related to Inkjet technology. When the assay 
is carried out, 30 |al of sample diluted in the ratio 
1:1 with sample buffer are pipetted onto the assay area 
and incubated at room temperature while shaking for 2 0 
minutes- Aspiration of the sample and washing of the 
assay field with washing buffer are followed by 
pipetting of 3 0 |j-l of reagent solution 1, which 
comprises a mixture of all digoxigenin- labeled HIV 
antigens, onto the assay field and incubation at room 
temperature with shaking again for 20 minutes. 
Aspiration of reagent solution 1 and washing of the 
assay field with washing buffer are followed by 
pipetting of 3 0 \xl of reagent solution 2 with detection 
reagent onto the assay field. Fluorescent dyed latex 
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particles which are 100 nm in size and are covalently 
coated with a <digoxigenin> antibody serve as detection 
reagent . 

This detection reagent is again incubated at room 
temperature with shaking for 2 0 minutes, subsequently 
aspirated, washed and sucked dry. The assay field is 
then irradiated with an He-Ne laser with a wavelength 
of 633 nm, and the fluorescence is measured at a 
wavelength of 670 nm with a CCD camera. 



The solid phase 
assay areas : 



rec . 
rec . 

gp41 
gp41 



p2 4 

reverse 
peptide 
peptide 



consists 



of the 



following 



specific 



transcriptase 
epitope 1 
epitope 2 



The sample buffer used was a 50 mM tris buffer of pH 
7.6 with the following additions: 0.05% Tween 20, 0.5% 
BSA/ 0.1% bovine IgG, 0.01% methylisothiazolone , 3% 
peptone . 

Reagent solution 1 used was the sample buffer described 
above comprising the following assay-specific antigens: 
digoxigenin-labeled recombinant p24 

digoxigenin- labeled recombinant reverse 

transcriptase 

digoxigenin-labeled gp41 peptide epitope 1 
digoxigenin-labeled gp41 peptide epitope 2 

Reagent solution 2 used was a 50 mM tris buffer of pH 
8.0 with the following additions: 0.05% Tween 20, 0.9% 
NaCl, 0.5% BSA, 0.1% Na azide and 0.01% of the 
fluorescence-labeled latex particle which was coated 
with MAb<digoxigenin> . 

2 . Assay results of the <HIV> microspot assay 
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compared with a conventional method with antigen 
mixtures or Western blot 

In this experiment, so-called seroconversion samples 
5 were measured. These samples are taken at consecutive 
times from various people whose serum findings are 
converted from HIV-negative to HIV-positive. A more 
sensitive test method means earlier detectability of an 
HIV-specific antibody signal. In this experiment, the 

10 samples are measured with the method of the invention 
(microspot) and for comparison with a conventional 
routine method (Enzymun®) . The HIV-specific starting 
materials used were identical in both assay systems and 
differ in particular through the separate single spot 

15 analysis. The cutoff indices (cutoff index 

S ignal sample - S ignalbackground/ 

2 xsignal negative control) of the two methods are entered in 
the following table and additionally compared with 
Western blot data: 

20 



Seroconversion 
panel from BBI 


Day of 
samp- 
ling 


p24 


RT 


gp41 

peptide 

1 


gp41 

peptide 

2 


Western 
blot 


Enzymun® 


R 2""* sampling 


2 


0.0 


0.0 


0.0 


1.3 


negative 


0.5 


3"^^ sampling 


7 


22.2 


0.0 


0 . 0 


2 . 4 


neutral 


15.4 


4*^^ sampling 


13 


17 .4 


2.6 


4 .4 


36.4 


positive 


36 . 0 


AB 1^^ sampling 


0 


0 . 0 


0.0 


0.6 


0 . 0 


negative 


0.3 


2"*^ sampling 


28 


0.0 


0.0 


0.4 


1.1 


negative 


0.7 


3"^^ sampling 


33 


0 . 0 


0.0 


5 . 5 


54 .4 


negative 


24 .2 


4*^^ sampling 


35 


0.8 


0.2 


6 . 0 


33 ,2 


positive 


26.7 


5^^ sampling 


37 


15.2 


5.1 


4.6 


33 .0 


positive 


28.9 


AD b""^ sampling 


21 


0 . 0 


0.0 


0 . 0 


0.0 


negative 


0.3 


6^^ sampling 


25 


0.2 


0.0 


1.6 


3.7 


positive 


0.9 


7^^ sampling 


28 


14 . 1 


0.3 


11.1 


65 .5 


positive 


24 . 5 


AG 3""^ sampling 


13 


0 . 0 


0.0 


0.0 


0 . 0 


negative 


0.4 


4*^^ sampling 


27 


0.0 


0.0 


0.0 


1.1 


negative 


0.6 


5*^^ sampling 


34 


6 . 0 


5.3 


0 . 0 


106 .9 


positive 


8.1 


6^^ sampling 


50 


6 . 1 


5 .4 


0.0 


65 .4 


positive 


3.1 



- 22 - 





78 


1 . 0 


6 . 8 


0 . 0 


23.9 


posit i ve 


1 . 6 


fi^^ <^;^m'nl i Tirj 


163 


1. 5 


5.3 


0 - 0 


4.9 


positive 


0 . 6 


9"^ sampling 


194 


2.3 


2.5 


0 . 0 


2.8 


positive 


0.7 


AX 1^*^ sampling 


0 


0 . 0 


0 . 0 


1.2 


0 . 1 


neutral 


0.8 


2"^ sampling 


7 


0.6 


0 .5 


54 . 7 


44 . 9 


positive 


30 .2 


3^^^ sampling 


11 


1 . 1 


0 . 7 


18 . 8 


22 . 5 


positive 


30 .2 



This comparison shows clearly that it was possible 
markedly to improve the sensitivity of the <HIV> assay 
by comparison with the conventional routine assay 
5 through the division into single spots with optimal 
concentrations. 7 samplings from the 5 seroconversion 
panels are identified as positive earlier. This 
corresponds to an earlier detection of HIV infection of 
from 3 to 7 days, depending on the panel. Also by 
10 comparison with the Western blot, a marked increase in 
the sensitivity was achieved, with 6 samplings 
identified earlier . 



Claims 



Method for detecting an analyte in a sample, 
comprising the steps: 

(a) providing a solid phase which includes a 
nonporous support and at least two spatially 
separate assay areas, where the assay areas 
each comprise different, immobilized analyte- 
specific receptors, which bind specifically 
to different epotopes of the analyte to be 
determined, 

(b) contacting the sample with the solid phase 
and at least one free analyte-specif ic 
receptor which carries a signal -emitting 
group or is capable of binding to a signal - 
emitting group, and 

(c) detecting the presence or/and the amount of 
the analyte by determining the signal- 
emitting group on the assay areas. 

Method according to Claim 1, characterized in that 
the analyte to be detected is a disease-causing 
organism or /and a pathogen. 

Method according to Claim 1 or 2 , characterized in 
that detection of the analyte on at least two 
spatially separate assay areas is assessed as 
positive assay results. 

Method according to any of the preceding claims, 
characterized in that the assay areas have a 
diameter of from 0.01 to 1 mm. 

Method according to any of the preceding claims, 
characterized in that the solid phase is produced 
by separate, direct specific application of the 
different first analyte-specif ic receptors onto 
the spatially separate assay areas. 



Method according to any of the preceding claims, 
characterized in that the coating on the assay- 
areas is formed in each case from a single 
molecule type capable of binding. 

Method according to any of the preceding claims, 
characterized in that a solid phase which 
additionally includes at least one control area 
which does not contain any analyte-specif ic 
receptor is used. 

Method according to any of the preceding claims, 
characterized in that a universal detection 
reagent, in particular labeled latex particles, 
are used for detecting complexes formed from the 
analyte and reagents capable of binding therewith. 

Solid phase for detecting an analyte in a sample, 
characterized in that it includes a nonporous 
support and at least two spatially separate assay 
areas, where the assay areas each comprise 
different reagents which specifically bind the 
analyte to be determined. 

Solid phase according to Claim 9, characterized in 
that the assay areas each comprise different 
reagents which bind to different epitopes or/and 
subtypes of the analyte. 

Solid phase according to Claim 9 or 10, 
characterized in that the nonporous support is 
formed from polystyrene . 

Solid phase according to any of Claims 9 to 11, 
characterized in that the assay areas have a 
diameter of from 0.01 to 1 mm. 

Use of a solid phase according to any of Claims 9 
to 12 in an immunoassay. 



Assay kit for detecting an analyte in a sample 
including a solid phase according to any of Claims 
9 to 12, and labeled detection reagents. 

Assay kit according to Claim 14, characterized in 
that it comprises labeled latex particles as 
universal detection reagent. 

Method achieved for the simultaneous determination 
of an antigen and of an antibody specifically 
directed against this antigen in a sample, 
including the steps : 

(a) providing a solid phase on which an 
immobilized receptor capable of binding with 
the antigen to be determined is applied in a 
first assay area, and an immobilized receptor 
capable of binding with the antibody to be 
determined is applied in a second assay area 
spatially separate therefrom, 

(b) contacting the sample with the solid phase 
and with a free analyte-specif ic receptor 
which carries a signal -emitting group or is 
capable of binding with a signal -emitting 
group , and 

(c) detecting the presence or/and the amount of 
the analyte by determining the signal - 
emitting group on the solid phase. 

Method according to Claim 16, characterized in 
that the detection of the antigen is carried out 
using a sandwich assay. 

Method according to either of Claims 16 or 17, 
characterized in that the detection of the 
antibody is carried out using a back- titration 
design. 

Method according to Claim 16 or 17, characterized 



in that the detection of the antibody is carried 
out using a bridge design. 

Method according to either of Claims 16 or 17, 
characterized in that the detection of the 
antibody is carried out using an indirect assay 
format . 

Method according to any of Claims 16 to 20, 
characterized in that the coating, which is 
capable of binding, of the first assay area is 
formed from immobilized antibodies which are 
specific for epitope of the antigen to be 
detected . 

Method according to Claim 21, characterized in 
that antibodies which are specific for different 
subtypes of the antigen to be detected are applied 
in separate assay areas . 

Method according to Claim 21 or 22, characterized 
in that the antibody is selected from viral 
antibodies, especially anti-HIV-I antibodies, 
anti-HIV II antibodies and anti-HCV antibodies. 

Method according to any of Claims 16 to 23, 
characterized in that the coating, which is 
capable of binding, of the second assay area is 
formed from antigens which are specific for the 
antibody to be detected. 

Method according to Claim 24, characterized in 
that the antigens are selected from the group 
consisting of HIV- I, HIV- I I and HCV. 

Method according to any of Claims 16 to 25, 
characterized in that the antigen to be determined 
is p24 and the antibody to be determined is anti- 
p24 . 



Method according to any of Claims 16 to 26, 
characterized in that a nonporous solid phase is 
used . 

Method according to any of Claims 16 to 28, 
characterized in that the detection is carried out 
using labeled antibodies which are directed 
against the analytes . 

Method according to Claim 29, characterized in 
that the label is selected from fluorescent 
groups, chemiluminescent groups, radioactive 
labels, enzyme labels, colored labels and sol 
particles . 

Method according to any of Claims 16 to 29, 
characterized in that the detection is carried out 
using a universal detection reagent, in particular 
labeled latex particles. 

Method according to any of Claims 16 to 30, 
characterized in that the solid phase is produced 
by direct, separate application of the coatings 
capable of specific binding onto the individual 
assay areas. 

Method according to any of Claims 16 to 31, 
characterized in that the coating on the assay 
areas is formed in each case from a single 
molecule type capable of binding. 

Solid phase for simultaneous determination of an 
antigen and of an antibody specifically directed 
against this antigen in a sample, comprising at 
least a first assay area and at least a second 
assay area, characterized in that the first assay 
area includes a coating capable of specific 
binding with an antigen, and the second assay area 
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includes a coating capable of specific binding 
with an antibody directed against the antigen. 

Solid phase according to Claim 33, characterized 
in that the coatings are homogeneous and each 
comprise only a single type of a reagent capable 
of binding. 

Solid phase according to Claim 33 or 34, 
characterized in that the assay areas are applied 
to a nonporous support . 

Solid phase according to Claim 35, characterized 
in that the nonporous support is formed from 
polystyrene . 

Solid phase according to any of Claims 33 to 36, 
characterized in that the individual assay areas 
have a diameter of from 0.01 to 1 mm. 

Use of a solid phase according to any of Claims 33 
to 37 in an immunoassay for the simultaneous 
detection of an antigen and of an antibody 
specifically directed against this antigen. 

Assay kit for simultaneous determination of an 
antigen and of an antibody specifically directed 
against this antigen, including a solid phase 
according to any of Claims 33 to 38, and labeled 
detection reagents . 

Assay kit according to Claim 39, characterized in 
that it includes a universal detection reagent. 



Abstract 

A method for detecting an analyte in a sample, 
comprising the steps: 

(a) providing a solid phase which includes a nonporous 
support and at least two spatially separate assay 
areas, where the assay areas each comprise 
different, first analyte-specif ic receptors, which 
bind specifically to a plurality of different 
epitopes of the analyte to be determined, 

(b) contacting the sample with the solid phase and a 
second analyte-specif ic receptor which carries a 
signal -emitting group or is capable of binding to 
a signal -emitting group, and 

(c) detecting the presence or/and the amount of the 
analyte by determining the signal -emitting group 
on the solid phase, 

is described. 



